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Introduction

Neomysis mercedis is a small crustacean relatively widely distributed

throughout the Sacramento-San Joaquin Delta and also found in other loca-
tions, primarily estuaries along the Pacific Coast from Southern Alaska to
Gaviota, California (Holmquist, 1973; Orsi and Knutsen, 197%a). In the
Delta, it is considered to be the primary food supply for juvenile fishes

inciuding the striped bass (Morone saxatilis) (Heubach, 1972; Orsi and

Knutsen, 1979p). Because of its appreciable importance as a component of
the food web, interest has focused on Neomysis regarding potential effects
of environmental perturbations, including changes in water use and quality
and the effects of chemical contaminants. Unfortunately, much of the
basic information needed to characterize neomysid populations, such as
data on growth and reproduction, is not available because this species
is difficult to maintain under laboratory conditions. This paper presents

data on brood size and growth in N. mercedis.

Methods and Materials

Neomysids were originally obtained from Montezuma Slough in December
1982 and have since been under continuous culture. Cultures have main-
tained in 15-gal glass aquaria at 16 to 20°C. The neomysids were fed
brine shrimp nauplii and were maintained at a salinity of approximately
350C umhos. A photopericd of 16 hr L-8 hr D, with a light intensity of

about 60 ft candles, was used.

To determine the brood size of the neomysids, gravid females (12
to 14 mm) were selected from the culture tanks and placed in 75 x 150-mm
glass crystallizing dishes which were maintained under continuous-flow
conditions. Each dish was checked daily for young and any present were
counted and removed. The hatching process was determined to be complete

when a moulted exoskeleton from the female was observed in the dish.

Growth rates were determined by transferring newly hatched young to
3-L battery jars containing No. 20 sand and airlift pumps to circulate the
water. The young neomysids were maintained at 17 to 18°C and were fed

Artemiz nauplii. Lighting and water quality were the same as in the



culture tanks. At different time periods, neconysids were removed from the
jars and measured. Small neomysids were placed in a depression slide over
a millimeter scale on a dissecting microscope equipped with a Polarcid
camera. The neomysids were lined up with the scale and several photo-
graphs were taken so lengths could be determined later. When the neomy-
sids became too large for the depression slide, they were placed on a
light box in small dishes backed by millimeter grids and photographed

with an Olympus 35 mm camera equippec with extension tubes for close-range
photographs. All measurements taken were from the end of the telson to

the anterior symphysis of the eyestalks.

Several models were fitted to the growth data. The best fitting model

was of the form:

{Bo * B~ age)

Length = B8, &

(30T B - age) (age is in days)

1l + e

This model was fitted to the data with the NUN procedure in SAS. the
values at hatch were included with a time of 0.01 days. With length in mm

and age in days, the best fitting coefficients were:

B, = - 01.553 + 0.064
g, =  0.082 % 0.005
B, = 14.221 +.0.314

with a residual mean squared error of 0,1382, corresponding to a residual

standard error of 0.3717 mm.
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Results

Young were counted from a total of 28 broods. The average size of
the broods was 15.1 young with a standard deviation of 7.1. Brood sizes
ranged between 4 and 31 young. The frequency distribution of brood size
l1s shown in Figure 1. As indicated in the figure, the distribution of
young per brood was fairly broad, with no tight cluster around any par-
ticular brood size: 71% of the broods contained between 8 and 22 young
and, of the total young produced in the study (423), 69% resulted from
broods containing 8 to 22 young.

An interesting observation occurred during the study when it was
ncted that it took up to three days for adult neomysids to give birth.
Brood size was then plotted against the time required to complete hatching
in an effort to determine if larger broods were associated with longer
delivery times. This plot is shown in Figure 2.

Figure 1. Frequency Distribution of Number of Young per Brood in
N. mercedis (N = 28)

I~

w

AT

No. of Young per Brood

24 26 28 30

32



fength of Hatching Process

Figure 2. The Relationship Between Brood Size and Hatching Time in
N. mercedis (N = 28)
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As indicated by the figure, there appears to be no linear relation-
sfiip between brood size and the time required to complete the hatching
process. Of the total of 28 broods, 54% were hatched in 1 day, 39% were

hatched in 2 days, and 7% required three days to complete the process.

The growth data and the associated fitted curve with * 20 limits
on individual variation are shown in Figure 3. The fitted curve and the
confidence limit relationships were inverted to obtain predictions of age
based on length. These values are summarized in Table 1, which shows the
best estimate of age and a confidence region for age for a given length.

Photographs of the neomysids at different ages are shown in Figure L,
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Table 1

PREDICTED AGE (DAYS) OF NEOMYSIDS
AS A FUNCTION OF LEGTH

Estimated Confidence Interval
Length Age for Estimated Age (Days)
{mm) {Days) Lower Limit Upper Limit
1.5 0.0 0.0 0.0
2.0 0.0 0.0 3
2.5 0.1 0.0 5
3.0 3 0.0 7
3.5 5 0.1 9
4.0 7 3 I
4.5 9 5 13
5.0 " 7 15
5.5 13 10 17
6.0 5 11 18
6.5 07 13 20
7.0 18 15 22
7.5 20 17 24
8.0 22 18 25
8.5 24 20 27
9.0 25 22 29
9.5 27 24 31
10.0 29 25 34
10.5 3 27 36
11.0 34 29 39
11.5 36 3 43
12.0 39 34 k7
12.5 43 36 54
13.0 L7 39 68
13.5 54 43 *
14,0 69 48 *
14,5 * 54 i
15.0 * 69 ¥
*> 75 days.
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Discussicn

Relatively little data appears to be available on the reproductive

capacity of Neomysis mercedis and is limited to analysis of the number

of eggs found in the marsupium of preservec specimens. Heubach (1969)
reported that thé number of eggs present in female neomysids was posi-
tively related to the size of adult ard also varied seasonally. For
females ranging in size from 7 to 17 mm, the number of eggs present

ranged between 5 and 55. Additional cetail is provided by Siegfried

et al. (1979) who found that females approximately 7 mm in length con-
tained 6 to 22 eggs, whereas femaler measuring 14 mm contained 36 to 65
eggs, These investigators also rerorted seasonal variations in the number

of eggs present as well as an inc ease in fecundity with increased length.

In comparing the number of eggs found in the brood pouches by other
investigators with the number ¢f young actually produced in our study, it
is apparent that actual brood usize is appreciably less than the number of
eggs found in the pouch. Brooil sizes produced by females in this study
ranged between U and 31 young compared with 36 to 65 eggs found in the
pouches of 14-mm females by Siegfried et al. (1979). This difference
could be due to resorption or loss of eggs prior to hatch or to reduced
fecundity related to the captive state of the adults. Preliminary data
suggests that the former explanation is more likely, as dissections of
gravid females from our cultures revealed the presence of more eggs than
typically seen in broods. This has implications from a management point
of view in that population estimates based on size of the females and
number of eggs present are likely to be substantially higher than the
actual number of young produced. 1In addition, the large variability in
the number of young (or eggs) produced in a given size class of female
neomysid reduces the precision of any such estimates (i.e., the smallest
and largest broods in our study of similarly sized female neomysids

differed by a factor of about 8).

Heubach (1969) suggested that the female neomysids die after spawning
although Wilson (1951) concluded, on the basis of size frequencies in

field populations, that some females reproduced at least twice. Our



observations indlicate that, given satisfactory water quality, only about
20 to 30% of the femalies died after the first broods, and the survivors

Wwere capable of reproducing again.

Data on growth in N. mergedis appears limited to descriptions of size
ranges found in field samples. Heubach (1969) and Kost and Knignt (1975)
found a maximum size of 17 mm in their specimens, while Holmquist (1973)
reported a maximum size of 19 mm for N. mercedis. Although larger speci-
mens were present in the culture aquaria, neomysids in the growth study

only achieved a length of 14 to 15 mm after a 70-day period.

Data on growth rates are exceedingly sparse. Based on size distri-
butions in field data, Wilson (1951) inferred that the average size of N.
mercedis increased from 5.8 to 7.2 mm during a 4-month period from winter
to spring. He also suggested that a population averaging 9.3 mm in
October had been born in May and June. These growth rates are much slower
than we obtained in the laboratory. For example, cultured neomysids
increased from 5.5 to 7.5 mm in about 7 days compared with 4 months, and
went from Birth to 9.5 mm in 27 days again compared with 4 months. Wilson
(1951) also indicated that growth to maturity takes about one year; broods
were produced in the laboratory by 60- to 80-day-old neomysids. The lower
growth rates reported by Wilson may be due to envirommental factors not
present in the laboratory study. For example, temperatures at the time of
the field collections ranged between 3 and 12°C compared with 16 to 19°C
during the laboratory study. It is well-known that growth of poikilo-
therms is highly influenced by temperature, with higher growth rates
dccurring at higher temperatures within the organisms' tolerance range.

In addition, the laboratory specimens were provided with a continuous
supply of high-quality food, something that is not always present under
field conditions. Thus, higher temperatures and food supply would likely
account for much of the observed differences in growth. Because the
differences are so large, caution should be exercised when applying these
age-growth curves to neomysids occurring in temperature regimes markedly
different from the one used in this study. Obviously, development of

different growth curves at different temperatures and/or feeding levels



would aid in developing size-age relationships for necmysids in different

areas in the field.
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Final Report Statement

SRI International assures the quality and integrity of this
study, Acute Toxicity Of Rice Herbicides To Neomysis Mercedis, for

the State Water Resources Control Board.

The study was inspected on August 2, 1985 during the 50 day
chronic termination phase. The findings of the Quality Assurance
Unit inspection were reported at the time of the inspection to the
Study Director. SRI management was informed of the inspection resuits
on August 5, 1985. A data audit was performed on August 29, 1985.
The Study Director and SRI management were informed of the audit

results on August 29, 1985.

The final report was audited and reviewed on September 25, 1985.
The results of the final report review were communicated to the
Study Director and SRI management on September 26, 1985. The final
report accurately describes the methods and standard operating
procedures and reflects the raw data of the study. Any deviations
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INTRODUCTION

At the request of the State Water Resources Control Board, SRI
International performed flow-through, acute-toxicity studies on rice
herbicides, using Neomysis mercedis rs the test organism. The objective
of the study was to provide data on the acute toxicity of rice herbicides
to organisms inhabiting San Franciszo Bay and Delta. Testing was
initiated on 22 December 1984 and completed on 1 March 1985.

Coples of this Final Report :nd the laberatory notebook containing
the raw data for this study will »e retained in Building 253, Room C-2,
for one year from the date of the Final Report. Thereafter, these
materials will be stored in SRI's Records Center.

The Study Director on this project was Howard C. Bailey, who was
assisted by Paul A. Haskins, Xevin Joe, Jesse Martin, and Anne Tait,
biological technicians.



MATERTALS AND METHODS

Test Chemicals

The test chemicals were technical-grade molinate and thiobencarb.
Molinate was obtained from Stauffer Chemical Company and thiobencarb was
obtained from Chevron Chemical Company. The purity of the materials was
not verified by SRI. The test chemicals were stored in a hooed at roonm
temperature at SRL.

Test Organism

The test organisms were neomysid shrimp (Neomysis mercedis). They
were obtailned from cultures maintained at SRI and originating from stock
collected in Montezuma Slough in December 1982. The cultures are housed
in 15-gallon glass aquaria contalning reconstituted water at 3000 to 4000
pmhos and are fed Artemia nauplii. All mysids appeared to be healthy and
feeding well.

DPiluent Water

Diluent water was prepared by mixing dechlorinated tap water and
artificial seawater to achleve a final conductivity of approximately 3500
pmhos. This water was made in 50-gallom batches and stored at 16 to 19°C
in Nalgene containers until use.

Test Procedures

96-Hour Bioassay

Test concentrations of molinate and thlobencarb were based on range-—
finding studies conducted previously. The nominal test concentrations
were 0, 0.10, 0.56, 1.00, 5.6, and 10.0 mg/L for molinate and 0, 0.01,
0.056, 0.10, 0.56, and 1.00 mg/L. for thiobencarb. The concentrations were
made by mixing appropriate volumes of diluent water and aqueous solutions
of the test chemicals in Mariotre bottles, which delivered the test solu—
tions to two replicate 100 mm x 190 mm crystallizing dishes for each
concentration. The dishes drained into glass—catch bottles, from which
samples were taken for chemical analyses. Test temperatures were main-—
tained between 17 and 18°C and a 16 hr L:8 hr D photoperiod was used.

The tests were initiated by selecting neomysids from the culture
" tanks and placing them together inm a 5-1 glass animal jar. They were then



distributed, two or three at a time, to the exposure dishes, using strati-
fied random assortment. While on test (95 hours), the neomysids were fed
Artemia nauplii daily. The dishes were inspected daily and any dead
mysids and uneaten nauplii were removed. At the conclusion of each assay,
the control neomysids were measured.

Time-Independent Biocassays

These bloassays were designed tc provide an estimate of the concen-
trations of herbicides that the neonysids could tolerate indefinitely.
The procedures were essentially the same as those described above except
that the exposures lasted at least 14 days or until a period of 48 hours
passed with no deaths occurring.

In addition, the neomysids vare exposed to a mixture of the herbi-
cides to assess the degree of its toxicity. The concentrations for. the
mixture were based on the results of the 96~hour studies with the indi-
vidual herbicides, which were added to the mixture in the same ratio as
their respective LC50 values. Thus, for any given treatment level, we
would expect the solution contzining both herbicides to be twice as toxic
{assuming additivity) as a so.ution containing only one herbicide at the
concentration at which it was present in the mixture. Test temperatures
were malntained between 16 arl 20°C.

Water Quality Measurements

Temperature was measured daily in each of the treatment levels.
Dissolved oxygen, conductivity, and pH were measured at the beginning and
end of exposure in each concentration in the 96-hour studies and twice
weekly in the time-independent studies. The instruments used were manu-
factured by Yellow Springs Instrument Co. (dissolved oxygen and conduc-
tivity meters), Orion (pH meter), and Scientific Products (thermometer).

Chemical Analyses

Samples were taken from the test solutions at 24, 48, and 96 hours
for the 96-hour study and twice weekly for the time-independent studies.
Samples were placed in amber bottles with Teflon-lined caps and refrig-
erated untll extraction and analysis. The analytical procedures follow.

Thiobencarb

An aliquot of sample, ranging in volume from 100 to 7S50 nl, was
decanted into an appropriately sized separatory funnel and extracted with
two portioas of dichloromethane (DCM). The volume of DCM depended on the
volume of sample used. It was found that a 1:8 ratio worked best
(DCM:sample). For example, if 400 ml of sample was to be extracted, then

W



two 50-ml portions of DCM were used. A 1.0 ml portion of isooctane
(2,2,4-trimethylpentane) was added to the combined extracts as a keeper.
This solution was concentrated to a volume of approximately 5 wml, using a
rotary evaporator at a bath temperature not to exceed 35°C. This con-
centrated extract was transferred to an 8-ml test tube; the rotary
evaporation flask was rinsed twice with DCM bring the volume to approxi-
mately 8 ml. This solution was further concentrated, under nitrogen gas,
to a final volume of 1.0 ml. Enough internal standard, 3-awmino-2,4-DNT
(in DCM), was added so that "mg on column” values for 3-amino-2,4-DNT and
herbicide were roughly equivalent.

Molinate

A 200-ml portion of sample was decanted into a 250-ml separatory
funnel and extracted twice with 25-ml portions of DCM. The extracts were
pooled and an appropriate amount of 3-amino—2,4-DNT was added as intermal
standard.

All samples were analyzed using gas chromatography (Varian Model
3700) with TSD detection (nitrogen-phosphorous specific). An HP3390
integrator was used along with a Supercoport SP2250, 100/120, column.
Injection volumes ranged from 1 to 5 pl at 205°C isothermal. Gas flow
rates were: air, 175 ml/min; Hz, 30 ml/min; and N2, 30 wl/wmin.

Statistical Methods

Determination of LC50

To estimate the median lethal concentration (LC50), we used a
computerized program developed at SRI, which 1s composed of several
statistical methods for estmating LC50s. For this project, we used
estimates derived from the binomial method when there were no partial
respouses and estimates from the probit method when there were partial
responses.

The binomial method is wvalid regardless of the form of the underlying
tolerance distribution and therefore gives statistically wvalid, but con-
servative, confidence intervals in all cases. It is the only appropriate
method when a data set contalns no partial responses. The method is a
two—step process. In the first step, at each concentration level with an
observed mortality of 50% or more, a significance level is computed for
the hypothesis that the true mortality at that councentration is 50% or
less, using only the observations at that concentration. In the second
step, at each concentration level with an observed mortality of less than
50%, a significance level 1s computed for the hypothesis that the true
mortality at that concentration is 50% or more. An estimate of the LC50
is derived as the geometric average of the adjacent councentrations with O
and 100% mortality. The 95% confidence interval for the LC50 is the
shortest interval (with limits at the concentrations or at plus or minus



infinity), such that at the upper confidence limit and all higher concen-
trations, 50% or more of the animals have dird and the significance level
is 0.025 or less, and at the lower confidence limit and all lower con-
centrations, less than 50% of the animals aave died and the significance
level is 0.025 or less.

The probit method is a parametri- technique that depends on the
assumption that the tolerance of the crganisms to the test material
follows a normal distribution. The crmputer routine performs the probit
analysls twice-—once for the concentration levels expressed in linear
units and once for the concentratior: expressed in logarithmic units. 1In
either case, Berkson's adjustment (one-half of a response at the highest
concentration with no response and one-half of a nonresponse at the lowest
concentration with 100% response) .s used when there Is only one partial
response.

The LC50 estimate is the masimum likelihood estimate for the mean of
the tolerance distribution. The "unadjusted” confidence interval for the
1.C50 is derived by inverting the 1likelihood ratio test for determining
whether any specified concentration is the LC50. A chi-square test is
used to determine how well the¢ estimated tolerance distribution fits the
data (which are also plotted). 1In this test, adjacent concentration
levels are collapsed until th/.. expected responses (mortality and survival)
are everywhere greater than 7.0. Finally, if the probability of poor fit
is 0.75 or greater, a heterozeneity factor is derived from the chi-square
test and the confidence interval is adjusted outward using the hetero-
geneity factor.

Contribution of the Components of the Mixture to the Total Toxicity

Tc determine whether the toxicity of the mixture of herbicides was
more or less than the sum of the toxicities of the individual components,
we used a modified version of a method developed by Marking and Dawson.
These authors calculated the sum (S) of the contributions of two compounds
(A and B) to the toxicity of a mixture of the two compounds using the
equation:

B
Am, Ba g ’
Ay By

lMarking, L. L., and V. X. Dawson. 1975. Method for Assessment of
Toxicity or Efficacy of Mixtures of Chemicals. TInvestigations in
Fish Control Series, Report No. 67, U.S. Department of the Interior,
Fish and Wildlife Service.



where Ai and B; are the individual LC50s of compounds A and B, and A, and
B, are the LC50s of the compounds in the mixture. The values A, and and
B, are calculated by multiplying the LC50 of the mixture by the fraction
contributed by each compound to the total concentration of both compounds
in the mixture.

To explain the logic of Marking and Dawson's equation, we have
rewritten it as follows:

aLCSOM bLCSOM

S = + ,
LC50, " 1C30,

where LCSOA, LCSOB, and LC50y are the experimentally derived estimates of
acute toxicity for compounds A, B, and the mixture (M), respectively, and
a and b are the respective fractions of compounds A and B in the mixture.

If LCSOA, LCSOB, and the amount of A and B in M are known, the theo-
retical concentrations of M that would kill 50% of the test organisms
(under the assumption that A and B were neither antagonistic nor syner-—
glstic) can be calculated. We call that concentration the additive LCS0
of M and denote it as LCSOM*.

On the basis of acute toxicity tests, each gram of compound B is only
LCSOA/LCSOB as toxic as each gram of Compound A. If we assume that the
toxicities of A and B are additive, each gram of the mixture M should be
as toxic as a + b (LCSOA/LCSOB) grams of A. Thus, the additive LCS0 of M
is:

LCSOA
+
a b(LCSOA/LC5OB)

*=
LCSOM

By algebraic manipulaton, it can be shown that
S = LC5OM/LCSOM* .

The statistic S ranges from zero to infinity, with a value of 1.0
denoting additivity. Because the range of 5 is nonsymmetric arocund 1.0,
Marking and Dawson (1975) suggested replacing S by a corrected sum, which
we will call CS, and which these authors defined as CS = 1/8-1 when S < 1
and CS =1 - S when S > 1.

We find litle merit in this definition and redefine €S as €S =
Log S. This transformation symmetrizes the range around zero. A CS value
of zero indicates additivity, a CS value of -1 corresponds to LCSONI =
LCSOM*/IO (or synergism), and a CS value of +1 corresponds to LCSOQ = 10
(LCSOM*) (or antagonism). This transformation also simplifies the deri-
vation of the confidence interval for CS.

)



Marking and Dawson (1975) derived the 9°% confidence interval for CS
by substituting the 95% confidence intervals for LCSO, LC50p, and LC50y
into their equation for calculating S. We believe this procedure to be
heuristic because the 95% confidence interval for CS (i.e., Log S) can be
rigorously defined using the procedure described below. TFrom the above
equation,

Log S = Log LC50, - Log LCSOM* s

if the central limit theorem can be invoked (e.g., if Log LC50y and Log
LC50y* can be assumed to be normal:y distributed), then an approximate 95%
confidence interval for the true corrected sum can be calculated by:

1
Log § + 1.96[VAR(Log LC50,) + VAR(Log LC50,*)]72

where VAR denotes variance. 7The varlance of Log LC50y can be estimated
from the results of the toxic’ty test on the mixture. The variance for
Log LC50,* can be estimated ty the equation:

/ bLCSOA

* = i
VAR(Log LC50,*) \\aLCSOB + BLCS0,

2
> VAR(Log LC50,)

( aLCSOB

2
alC50, + ch50A> VAR (Log LC50,)



RESULTS

Acute Studies

The mortality of neomysids exposed to thiobencarb for 96 hours is
summarized in Table 1. The 96-hour LC50 estimate of approximately 0.3
mg/L indicates that thiobencarb is relatively toxic to neomysids. In
addition, the decreasing trend in LCS50 values over the course of exposure
suggests that the toxicity is cumulative in nature.

Table 1

MORTALITY OF NEOMYSIDS EXPOSED TO THIOBENCARB FOR 96 HOURS

Number Dead (n = 10)

Concentration (mg/L) 24 Hr 48 Hr 72 Hr 96 Hr

0.000 0 0 0 0
0.007 0 0 0 0
0.056 0 ¢ 0 0
0.137 0 0 0 0
0.675 0 4 7 10
1.220 0 4 10 10

150 (mg/L) >1.220 >1.220 0.440 0.304

95% Confidence Limits (0.278-0.666). (0.137-0.675)

The results of the 96-hour exposure to molinate are summarized in
Table 2. These data suggest that molinate is less toxic to neomysids than
thiobencarb by a factor of about 30, based on a 4-day exposure. However,
the pattern of decreasing LC50 values over time again suggests cunulative

toxicity.



Table 2
MORTALITY OF NEOMYSIDS EXPOSED TC MOLINATE FOR 36 HOURS

'Number Dead (n = 10)
Concentration (mg/L) 24 Hr 48 Hr 72 Hr 96 Hr

0.00
0.09
0.68
1.30
7.10
12.38

(= eI NNl
NO O O O
w O o o QO
W oo OO

LC50 (mg/L) >12.38 >12.38 >12.38 9.91

95% Confidence Limi:s (7.65~13.57)

Time-Independent Studies

The results of the tir:-independent study on thiobencarb are sum-
marized in Table 3. These data indicate that thiobencarb has high
toxicity to neomysids, as indicated by the 18-day LC50 estimate of 0.053
mg/L. Although the toxic response appeared to reach a threshold between
Days 16 and 18, the steady decrease in LC50 values over time 1s again
indicative of cumulative toxicity. It should also be pointed out that
although it appeared that a threshold was reached in terms of continued
mortality, all of the concentrations resulted in a toxic response, l.e.,
10% and 30% mortality, occurred at 2 and 20 ppb thiobencarb, respec-
tively. Thus, this test did not provide any indication of a no-observable
effect level (NOEL).



Tabie 3

MORTALITY OF NEOMYSIDS EXPOSED TO THIOBENCARB FOR 18 DAYS

Number Dead (n = 20)

Concentration (mg/L) Day & Day 7 Day 14 Day 13

0.000 0 0 0 0

0.002 1 1 2 2

0.020 0 1 4 6

0.048 1 1 3 7

0.279 2 12 20 20

0.375 8 20 20 20

LGSO (mg/L) 0.375 0.214 0.091 0.053
95% Confidence (0.174~- (0.052~ (0.032-
interval 0.258) 0.137) 0.100)

The rTesults of the time—independent study on molinate are summarized
in Table 4. These data indicate that molinate has appreciable toxicity to
neomysids, although not as great as thiobencarb; the threshold LC30 for
molinate (0.23 mg/L) was four times higher than that for thiobencarb
(0.053 mg/L). As with thiobencarb, molinate showed marked cunulative
toxicity, with the LCSO decreasing from 8.30 to 0.23 mg/L over the period
of 4 to 28 days of exposure. This test also did not provide experimental
evidence of a NOEL; 25% mortality occurred at the lowest treatment level
of 0.16 mg/L.
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Table 4

MORTALITY OF NEOMYSIDS EXPOSED TC MOLINATE FOR 28 DAYS

Number Dead (n = 20)

Concentration {mg/L) Day 4 Day 7 Day 14 Day 28
0.000 0 0 2 2
0.161 0 0 0 5

0.899 0 0 11 19%

1.587 ~ 5 17 19%*

9.300 14 19 19 19%
16.474 12 20 20 20

LC5C {(mg/L) 3.3C 2.53 8.82 0.23

- 95% Confidence (5.66-  (1.87- (0.57- (0.15-

Limits 12.74) 3.56) 1.04) 0.34)

*1002 mortality (1 neomysid leaped from dish during exposure).

The response of the neomysids exposed to a combination of molinate
and thiobencarb 1s summarized in Table 5. These results suggest that the
mixture is quite toxic to neomysids but that the presence of the chemicals
in combination does not particularly enhance the toxic effect. 1In addi-
tion, the lack of appreciable effect at the lowest concentration suggests
that the toxic threshold concentration for the two chemicals lies in the
vicinity of 0.004 mg/L for thiobencarb and 0.14 mg/L for molinate.

11



MORTALITY OF NEOMYSIDS EXPOSED TO A COMBINATION

Table 5

OF MOLINATE AND THIOBENCARB FOR 18 DAYS

Thiobencarb Molinate Day &4 Day 7
0 0 0 0
0.004 0.143 0 0
0.024 0.783 0 0
0.054 1.579 5 8
0.342 8.716 11 20
0.440 16.704 20 20

1.c50 (mg/L total) 4.80 2.15

95% Confidence (3.34- (1.62-

Limits 6.96) 2.99)

LCSO (mg/L thiobencarb) 0.156 0.071

LC50 (mg/L molinate) 4.64 2.08

Toxlcity Interactions

Day 14

O

20
20
20
0.79

(0.62-
0.98)

0.024

0.77

Day 18

2
2
i8
20
20
20

0.30

(0.21-
0.43)

0.009

0.29

By calculating the ratio of the actual LCSO estimate for the mixture
or the mixture, one can infer whether the

to the expected LC50 estimate f

components of the mixture are syner

tive. Table 6 summarlzes these

as their associated 957 confidence iantervals.

gistic, antagonistic, or merely addi-

ratios for different time periods as well

Note that the ratios are

expressed as logarithmic values to symmetrize their range around zero,

explained under Methods.

12
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Table 6

INTERACTIVE INDICES (S) OF THIOBENCARB AND MOLINATE
DURING BIOASSAY OF JOINT TOXICITY TO NEOMYSID SHRIMP

Exposure Period
{Days) Log S 95% Confidence Interval

7 0.05¢ -0.111-0.223
14 0.05° -0.093-0.203
Final® 0.158 -0.054-0.370

*18 davs for thiobencarb and mixture; 28 days for molinate.

The positive values fo: log S suggest that the two chemicals are
somewhat antagonistic in acuion. However, these values are small and
their associated confidence intervals overlap zero. Therefore, we con-
clude that the antagonistic effect is small, if present at all, and the
behavior of the chemicals s additive for all practical purposes.

Summaries of water quality and amalytical data associated with these
tests are appended.
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DISCUSSION

Both molinate and thiobencarb exhibited appreciable toxicity to
neomysids. The incipient LCS50 values* of 0.053 and 0.23 mg/L for thlo-
bencarb and molinates respectively, also indicate that thiobencarb is
significantly more toxic than molinate. Both chemicals exhibited cumula-
tive toxicity; it took 18 and 28 days, respectively, for thiobencarb and
molinate to reach toxicity thresholds when the mortality stabilized.

To place the results of these studies in context with environmental
exposures, it is appropriate to consider the actual levels of these
chemicals in the environment. According to data at the State Water
Resources Control Board (Dr. John Cornacchia, personal communication),
levels of thiobencarb and molinate reached 2 and 13 pg/L in the upper
Sacramento-San Joaquin Delta over a 2- to 3-week period in 1985. For
thiobencarb, this value is below the incipient 1C50 by a factor of about
25, hence appearing to offer a reasonable degree of protectiom. It is
also below by a factor of 10, a level that resulted in 30% mortality over
an 18-day period and it is right at the level that resulted in 10% mor-—
tality over the same period. Thus, in the absence of additional stresses,
this concentration might be expected to produce ainimal acute effects on
the population.

Fnvironmental concentrations of molinate (13 ug/L)were below the
incipient LC50 by a factor of about 18 and below the level that caused 25%
mortality by a factor of 12. Because we did not test concentrations below
that which caused 25% mortality, it is difficult to assess the 1likely
level of effect at 13 pg/L.

No discernible increase in mortality was seen in the lowest treatment
level in the test series that countained a mixture of thiobencarb and
molinate. This suggests that these concentrations——0.004 mg/L thiobencarb
and 0.143 mg/L molinate——are near the threshold for toxicity of these
chemicals to neomysids. Thus, these data also suggest that environment
concentrations of thiocbencarb lie at or near the threshold of acute
toxicity, whereas enviroumental concentrations of molinate are lower than
the threshold of acute toxicity by a factor of about 10.

Although these data do provide informatiou on how adult neomysids
might respond to these chemicals over a 2- to 4-week period, they do not

*
The concentration at which 50% of the test organisms might be expected
to survive indefinitely.

14



provide any information on the response of scnsitive life stages or
effects on other parameters such as growth. The current data suggest that
ambient levels of the herbicides do not pose an appreciable acute toxicity
hazard, but additional tests will have to br. performed before the poten-
tial impacts of chronic toxicity can be judged.
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Table A-1

- SUMMARY OF CHEMICAL CONCENTRATIONS ASSOCIATED WITH
THE 96~HR ACUTE BIOASSAYS ON NEOMYSIDS

Chemical

Thiobencardb

Molinate

Measured Concentrations (mg/L)

R

0.000
0.007
0.056
0.137
0.675
1.220

0.000
0.09%
0.682
1.29
7.0%6
12.375

S

0.100
0.001
J.004
0.004
0.070
0.203

0.000
0.080
0.083
0.158
0.684
1.522

n

W W w W W

Eo I B~ LV e W

Range

0.006-0.008
0.054-0.060
0.133-0.139
0.676-0.752
1.020-1.424

0.00- 0.142
0.556~ 0.732
1.065- 1.416
6.070- 7.460

10.125~-13.320



Table A-2

SUMMARY OF CHEMICAL CONCENTRATIONS ASSOCTATED WITH
THE TIME—-INDEPENDENT BIOASSAYS ON NEOMYSIDS MERCEDIS

Measured Concentrations (mg/L)

Chemical X SD n Range
Thiobencarb (mixture) 0.000 0.0000 5 -
0.004 0.0018 5 0.002-0.005
0.024 0.0086 5 0.014-0.034
0.054 0.0364 3 0.029-0.096
0.342 0.1243 3 0.253-0.484
0.440 0.1280 2 0.349-0.530
Molinate (mixture) 0.000 0.0000 5 -
0.143 0.0109 5 0.125- 0.153
0.783 0.0584 5 0.704—~ 0.860
1.579 0.2023 3 1.412- 1.804
8.716 1.1187 3 7.329~ 9.456
16.704 0.7672 2 16.162~17.247
Thiobencarb (alone) 0.000 0.0000 5 —
0.002 0.0009 5 0.001-0.003
0.020 0.0116 5 0.010-0.040
0.048 0.0217 S 0.028-0.082
0.279 0.0642 4 0.195-0.349
0.375 0.0441 3 0.333-0.421
Molinate (alone) 0.000 0.0000 8 -
0.161 0.0120 8 0.153~ 0.188
0.899 0.0954 ) 0.814- 1.047
1.587 0.1595 5 1.373- 1.699
9.300 1.2100 3 7.923-10.192
16.474 2.2272 3 14.481-18.878



Table A-3

WATFER QUALITY ASSOCIATED WITH T{Z 96-HR ACUTE BIODASSAYS
ON NEOMYSIS '.ERCEDIS

Treatment Temperature (°C) Dissolved C:iven {(me/L) oH Conducn {71ty (amhos)
Chemical Leval x LY range % SD  n  _Range %X - S a  Range  x SO0
Thiobencard 0 17.5 8.5 S 17.0-18.0 B.& 1.2 2 7.7-9.4 8.1 0.1 2 8.0~-8.1 3650 71 2
1 17.5 0.5 S 17.0-18.0 8.5 1.7 2 7.6-9.4 9.2 0.1 2 8.1-8.2 3o 0 2 --
2 17.5 0.5 5 17.0-18.0 8.5 1 2 7.6-9.4 8.2 0.1 2 8.1-8.2 3730 a 2 --
3 17.% n.5 5 17.0-18.0 8.6 1.3 2 7.6-9.5 8.2 0.1 2 B.1-8.2 3700 0 2 -=
4 17.5 0.5 S 17.0~18.0 8.5 1.2 2 7.6-9.4 8.2 0.1 2 8.1-8.2 3675 15 2 3650-3700
5 17.5 0.5 5 17.0-1R.0 8.5 1.3 2 7.6-9.4 3.2 0.1 2 8.1-8.2 3725 35 2 2TON=3750
Molinate 2 17.5 0.5 5 17.0-18.0 8.7 1.2 2 7.8-8.5 8.2 .1 2 8.1-8.3 3700 0 2 -
1 17.5 9.5 5 17.0-18.0 R.F 1.2 2 7.7-9.4% 8.2 N, 2 3.1-8.2 INTS 5 2 365 2=11700
2 17.5 6.5 5 17.0-18.0 8.5 1.2 2 7.7-9.4 8.1 0.1 2 3.0-3.2 3575 38 2 3650-3700
3 17.5 0.5 S 17.0-18.0 LA 1.2 2 7.7-9.4 3.1 0.1 2z 8.0-8.2 3375 35 2 3650-17¢"
4 17.5 0.5 5 17.0-18.0 8.5 1.1 2 7.7-9.3 3.2 0.1 2 g.1-8.2 3675 35 2 3553-3700
5 17.5 n.s 5 17.0-1R8.0 8.5 1.1 2 7.7-9.3 8.2 0.1 2 €.1-%.2 3575 35 2 3653=-131760



Table A-4

WATER QUALITY ASSOCIATED WITH TIME-INDEPENDENT BIOASSAYS ON NEOMYSIS MERCEDIS

Treatment Temperature (°C) Dissolved Oxven {mg/L) pli Conductivity (umhos)
Chemical Level x $0 o range i SO o Range ;_ " n Range x 50 ®n M:

Thiobencard 0 17.9 1.4 S 16.0-20.0 8.7 0.4 5 8.3-9.2 8.7 0.1 5 8.6-8.9 3810 22 5 2300-28s3

1 17.9 1.4 S 16.0-20.0 8.7 0.4 5 8.3-9.2 8.7 a.1 5 £.6-2.9 3310 22 5 3800-38%7

2 17.% 1.4 5 16.2-20.0 8.6 0.4 5 8.3-9.2 8.8 g.1 5 8.5-38.9 3800 o] 5 3806-3330

3 x7.9 1.4 5 16.0-20.0 8.6 0.4 S 3.2-9.2 8.8 0.1 5 3.6-3.9 37an 45 5 3700-38006

4 18.4 1.0 4 18.0-20.0 8.7 0.3 s 8.2-9.2 8.8 G.1 4 8.6-8.8 3733 48 4 3700-13304

5 19.0 1.4 2 18.0-20.0 8.8 0.4 2 8.5-9.0 8.3 0 2 - 3775 35 2 3750-38920
Molinate 0 18.1 1.1 8 16.0-20.0 8.5 0.4 8 9.1-9.2 8.7 0.1 3 3.4=-8.8 3800 o] 8 _

1 18.1 1.1 8 15.0-20.0 8.5 0.6 8 B8.1-9.2 8.7 0.2 8 8.3-8.8 3800 o 8 -

2 17.9 1.3 ) 16.0-20.0 8.5 0.3 6 8.1-9.2 8.7 C.1 6 8.5-8.,8 3800 o] 8 -

3 17.9 1.4 S 16.0-20.0 8.7 0.4 5 8.2-9.2 8.8 0,1 5 8.7-8.8 3780 43 5 3700-33CH

4 19.0 1.4 2 18.0-20.0 3.9 0.5 2 8.5-9.2 8.8 0.1 2 2.,7-8.8 3775 35 2 3750-3800

5 19.0 1.4 2 18.0-20.0 8.7 0.4 2 B8.4-B.9 8.0 ¢ 2 — 3675 35 2 3650-370C
Mixzure 0 17.9 1.4 5 16.0-20.0 8.8 0.3 S 8.3-9.2 8.8 0.1 S 3.7-8.8 3800 o] S -—

1 17.9 1.4 5 16.0-20.0 8.8 0.3 5 8.3-9.2 8.8 0.1 5 8.7-8.8 3800 0 5 -

2 17.9 1.4 5 16.0-20.0 8.7 0.4 5 8.3-9.2 8.8 0.1 5 8.7-8.8 3800 0 5 -

3 18.5 1.3 3 17.5-20.0 8.7 a.5 3 8.3-9.2 8.8 Q 3 —_ 3800 o 3 -

4 19.0 1.4 2 18.0-20.0 8.9 0.5 2 8.5-9.2 8.8 0 2 - 3730 71 2 3750-3800

5 20.0 0 1 - 9.2 0 1 - 8.2 0 M -— 3600 g 1 --

A=4
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INTRODUCTION

At the request of the California State !l.ater Resources Control Board,
SRI International performed a flow-through chreonic toxicity studies on

rice herbicides, using Neomysis mercedis as the test organism. The

objective of the study was to provide jata on the chronic toxicity of
thiobencarb, molinate, and a mixture >7 the two. Testing was initiated

on 27 March 1984 and completed on 2 A.gust 1985.

Copies of this Final Report an.! the laboratory notebock containing
the raw data for this study will be retained in Building 253, Room C-2,
for one year from the date of the Ffinal Report. Thereafter, these mate-

rials will be stored in SKRI's Rec.rds Center.

The Study Director on this project was Howard C. Bailey, who was
assisted by Paul A. Haskins, Kz2vin Joe, Jesse Martin, and Anne Tait,

biolcgical technicians.



MATERIALS AND METHODS

Test Chemicals

The test chemicals were technical-grade molinate and thiobencarb.
Molinate was obtained from Stauffer Chemical Company and thiobencarbd was
obtained from Chevron Chemical Company. The purity and stability of the
materials was not verified by SRI. The test chemicals were stored in a

hood at room temperature at SRI.

Test Organism

The test organisms were neomysid shrimp (Neomysis mercedis). They

were obtained from cultures maintained at SRI and originating from stock

collected in Montezuma Slough in December 1982. The cultures were housed
in 15-gallon glass aquaria containing reconstituted water at 3000 to 4000
umhos and were fed Artemia nauplii. All neomysids appeared to be healthy

and feeding well.

Diluent Water

Diluent water was prepared by mixing dechlorinated tap water and
artificial seawater (Instant Ocean) to achieve a final conductivity of
approximately 3500 umhos. This water was made in 50-gallon batches and

stored at 16 to 19°C in Nalgene containers until use.

Test Procedures

Neomysids were exposed to nominal concentrations of 0.00, 3.3, 6.6,
13.3, 26.5, and 53.0 ug/L thiobencarb and 0.00, 14.6, 29.1, 58.3, 116.5,
and 233.0 pg/L molinate. Additional neomysids were exposed to these con-
centrations of each chemical together as a mixture to assess the potential
for interactive effects on chronic toxicity. These concentrations were
selected on the basis of time-independent acute toxicity studies conducted

previously. The concentrations were made by mixing appropriate volumes of



diluent water and aqueous solutions of the tes* chemicals in Mariotte
bottles, which delivered the test solution to two replicate 150 mm x 75 mm
crystallizing dishes for each concentration. Each dish received a minimum
of two dish volumes of solution per day. These dishes drained into a
second tier of dishes, which drained intc glass catch bottles. Test tem~
perature was maintained between 16 and 18°C and a 16-hr L:8-hr D photo-

period was used.

The test was initiated by selectinag gravid females from the different
culture tanks and randomly distributing them individually to small culture
dishes containing a mixture of culture and diluent water. This procedure
was continued until all of the smal’. dishes contained three gravid
females. Randomly selected dishes were then drained gently into the expo-
sure dishes, resulting in three f:nales per dish, with some females left
over to be used in case of incidental deaths. If an incidental deéth

occurred during the first sever days of the test, the female was replaced.

The primary purpose of th. ; procedure was to ensure sufficient
numbers of ycung of approximat:ly the same age at each treatment level.
The dishes were inspected daily; any young produced were noted and then
transferred via pipet to rearing dishes (150 mm x 75 mm) that received
inflowing water from the drain tube of the dish in which they were
hatched.

After 14 days, the surviving adults were removed from the upper tier
of dishes. The young were then pooled and distributed to the upper dishes
S0 that each dish received 15 to 20 young. If there were not enough voung
to provide 15 for each dish, replicate A was filled first, then

replicate B.

Each dish was inspected daily and any dead young were counted and
removed. On Day 42, the dishes were photographed over millimeter grid
Daper so that the sizes of the neomysids could be determined and the test

terminated.



Neomysids on test were fed brine shrimp nauplii daily. Uneaten
nauplii were remcved dally with a 50- or 100-ml syringe. In addition,

an algal and vitamin supplement was provided three times per week.

The first tests on molinate and thiobencarb had to be terminated
after 14 days because failure of the bioassay room's temperature-control
system resulted in excessive deaths due to unacceptably high tempera-
tures. New tests were begun at a2 later date when sufficient numbers
of gravid females became available. The first test on the mixture was
continued primarily because it was affected least by the increase in
temperatures; in the dishes where deaths did occur, the losses were
replenished by survivors from the groups exposed to the single chemicals
at the same concentration. Thus, the results from exposure to the mixture
may reflect temperature-induced stress as well as direct chemical

toxicity.

Water-Quality Measurements

Temperature was measured daily in the test solutions at each concen-
tration and in the controls. Dissolved oxygen, conductivity, and pH in
each concentration were determined weekly. The instruments used were
manufactured by Yellow Springs Instrument Co. (dissclved oxygen and
conductivity meters), Orion Ion Analyzer (pH meter), and Scientific

Products (thermometer).

Chemical Analyses

Samples were taken from the test solutions twice weekly. The two
samples from each concentration were pooled before analysis. Samples
were placed in amber bottles with Teflon-lined caps and refrigerated

until extraction and analysis. The analytical procedures follow.

An aliquot of thiobencarbd, ranging in volume from 100 to 750 ml, was
decanted into an appropriately sized separatory funnel and extracted with
two portions of dichloromethane (DCM). The volume of DCM depended on the
volume of sample used. It was found that a2 1:8 ratio (DCM:sample) worked

best. For example, if 400 ml of sample was to be extracted, then two



50-ml portions of DCM were used in sequence. .. 1.0-ml portion of iso-
octane (2,2,4-trimethylpentane) was added to tae combined extracts as a
keeper. This solution was concentrated to a volume of approximately 5 ml,
using & rotary evaporator at a bath temperature not to exceed 35°C. This
concentrated extract was transferred to zn 8-ml test tube; the rotary
evaporation flask was rinsed twice with DCM, bringing the volume to
approximately 8 ml. This solution was further concentrated, under
nitrogen gas, tc a final volume of 1.C ml. Enough internal standard,

- 3-amino-2,4-DNT (in DCM), was added sc that "mg on column" values for

3-amino-2,4-DNT and herbicide were roughly equivalent.

A 200-ml portion of molinate w:s decanted into a 250-ml separatory
funnel and extracted twice with 25-ml portions of DCM. The extracts were
pooled and an appropriate amount :7 3-~amino-2,U4-DNT was added as internal

standard.

All samples were analyzed using gas chromatography (Varian Model
3700) with TSD detection (nitrugen-phosphorous specific). An HP3390
integrator was used along with a Supercoport SP2250, 1007120, column.
Injection volumes ranged from 1 to 5 ul at 205°C isothermal. Gas flow

rates were: air, 175 ml/min; H,, 30 ml/min; and N,, 30 ml/min.

Statistical Analyses

Means and standard deviations were calculated for the growth and

water-quality data as well as for the chemical measurements.

Survival curves were computed by the Kaplan-Meir oroduct-limit method
using the computer program BMDPIL (1).. Survival times were computed from
the time of transfer of the shrimp. Leapers and surviving shrimp were
treated as censored observations. If the exact time of death/leaping was
not determinable, the event was assigned to the middle day of the week in

which the event happened.

Mean survival times were computed from the fitted curves. In cases

where there were surviving shrimp, the means are mean survival during the



period of the study and are somewhat less than the total mean survival,

which cannot be estimated from these data.

Diffefences between survival curves were tested with two nonpara-
metric tests: the Mantel-Cox test (a generalized Savage.test) and the
Breslow test (a generalized Wilcoxon test) (2,3). The two tests differ
in how the observations are weighted; the Breslow gives more weight to
the earlier events and the Mantel-Cox gives more weight to later events

in the comparison.

Dunnett's test for multiple comparisons in the analysis of variance
of several treatments versus a control was applied to test the effect of
concentration on the number of adult females remaining at the end of the
hatching period and the number of young at birth, posthatch, and at
transfer (4). Two-sided tests at level p = 0.05 were computed. To
stabilize the variance in the number of young, tests were also compgted
on the natural logarithms of the number of young (to avoid problems with

zeros, 0.5 was added to each count before taking logarithms).

Dunnett's test was also applied to the proportion of posthatch young
to young born and the proportion of young at transfer to young at post-
hateh. (To avoid problems with zeros, 0.5 was added to the numerator and
1 was added to the denominator of each ratio.) To stabilize the variance;

tests were also computed on the logit transforms of the proportions by
logit(p) = loglp/(1-p)]

For both of these tests, weighted analyses of variance were computed, with

a weight equal to the denominator of the ratio.



RESULTS

The F, reproduction data for neomysids exposed to thiobencarb and
molinate iIs summarized in Table 1. Ther=s appeared to be no significant
concentration-related effects on young produced or on survival of young
during the first 14 days of exposure 7or either of the two chemicals.
However, survival of young was less than the control values in most of
the treatment groups by Day 14. The number of adult females surviving
until the end of the first 14 days 'eflects the stress during the critical
period of expulsion of the brood ard the subsequent moult. It does not
appear that there was an apprecia le chemical-related effect on adult

female survival for either of the two chemicals.

Table 1

REPRODUCTIVE DATA FOF NEOMYSIDS EXPOSED TO RICE HERBICIDE

Avg. No. Young Avg. No. Adult
Concentration Avg. No. Young Surviving Surviving Females
{ug/L) Produced at 14 Days at Day 14
Thiobencarbd
Control 29 20 2.5
3.2 19.5 12 2.5
6.2 16.0 5 2.0
12.8 25.0 13.5 2.5
23.5 23.0 7.5 1.5
53.4 25.5 13.5 1.5
Molinate
Control 33 17.5 2.5
15.1 40 17.5 3.0
25.6 26 15.0 2.5
45.2 ' 6.52 1.5 1.0
89.6 22.5 12.0 2.5
173.7 19.0 3.5 1.0

dsignificantly less than the control value (p £ 0.05).



The growth of the juvenile neomysids after 42 days of exposure to
rice herbicides is summarized in Table 2. For thiobencarb, growth was
significantly reduced at 12.8 and 53.4 ug/L; there were no survivors at
23.5 pug/L. Growth was not affected at 3.2 and 6.2 ug/L. For molinate,
length was significantly reduced at 89.6 ug/L but not at 15.1 or
25.6 ug/L; there were no survivors at 45.2 ug/L. The largest neomysid
cccurred in the highest concentration, -173.7 ug/L, but this was probably
a density-dependent artifact--only one neomysid was left in this concen-
tration. In the mixture of thiobencarb and molinate, growth was signifi-
cantly reduced at 142.9 pg/L but not at 34.8 or 66.3 ug/L; there were no

survivors at the highest concentration, 268 ug/L.

The mean survival times of neomysids reared in rice herbicides are
presented in Table 3. The survival curves are shown in Figures 1, 2, and
3, respectively, for the thiobencarb, molinate, and mixture exposures.
For thiobencarb, concentrations of 12.8 to 53.4 ug/L resulted in sig-
nificantly reduced survival time compared with the control value. The
reduction in survival at 6.2 upg/L was nearly significant (p = 0.06) and
since inspection of the survival curve (Figure 1) for this concentration
shows that it is different from the curves for the control and 3.2 ug/L,

we would also consider survival reduced at 6.2 ug/L.

The results for molinate were clear-cut. Survival was significantly
reduced at concentrations of 45.2 to 173.7 ug/L but not in 15.1 or
25.6 ug/L. The results obtained for the mixture were interesting in that
survival was reduced in all of the test concentrations--17.2 to 268 ug/L--
compared with the control. This could reflect a synergistic effect.
Because there was only a slight effect on survival time at the second
lowest concentration of thiobencarbd (6.2 ug/L) and no effect at the second
lowest concentration of molinate (25.6 ug/L) we might expect that the
second lowest concentration of the mixture, 34.8 ug/L, which contained
approximately the same concentrations of thiobencarb and molinate as

those used in the tests on the individual substances, would also produce



Table 2

AVERAGE LENGTHS OF N. MERCEDIS AFTER 42 DAYS
OF EXPOSURE TO RICE HEABICIDES

Concentration Length (cm)
(ug/L) x S n
Thiobencarb
Control 0.8 0.18 33
3.2 0. ¢4 0.15 19
6.2 0.86 0.15 7
12.8 0.70% 0.13 12
23.5 - -- -=
53.% 0.55*% G.07 2
Molinate
Ceontrol 0.87 0.19 21
15.1 0.75 0.15 23
25.6 0.82 0.23 24
45.2 -- - --
89.6 0.60% 0.1 8
173.7 1.00 0.00 1
Mixture
Control 1.00 0.23 9
17.2 -~ -= --
34,8 1.00 0.00 2
66.3 0.95 0.10 y
142, 9 0.65% 0.06 4
268.0 -- - -

aSignificantly different from the control;
p £ 0.05.



Table 3

MEAN SURVIVAL TIME FOR NEQMYSIDS
REARED IN SOLUTIONS OF RICE HERBICIDES

Concentration Mean Survival Time
(ng/L) (Days)
Thiobencarb
Control 30.8
3.2 29.3
6.2 25.0°
12.8 20.5%
23.5 2.18
53.4 g8.u2
Molinate
Control 29.6
15.1 28.7
25.6 30.6
45,2 . 10.3%
89.6 17.8%
173.7 6.0
Mixture
Control 19.9
17.2 6.82
34.8 10.48
66.3 11,20
142,9 11.82
268.0 9.8%

aSignificantly less than the control;
p < 0.05.

bSignificantly less than the control;
0.05 < p < 0.07.
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an effect. Along the same line of reasoning, the fact that the lowest
concentration of the mixture, 17 ug/L, produced a significant effect could
be attributed to toxicity interactions since the lowest treatment levels
of thiobencarb (3.2 ug/L) and molinate (15.1 ug/L) failed to produce any
measurable adverse effects. Such an interaction would bde plausible since
earlier work (5,56) demonstrated that molinate and thiobencarbd are additive
in effect when tested together. However, at least two other hypotheses
could be responsible for the observed effects of low levels of the mix-
ture. First, the test on the mixture was initiated earlier than tne
individual tests on the two chemicals, so differences in sensitivity
attributable to differences in the test organisms could explain the sen-
sitive response to the mixture. Second, as described earlier, the organ-
isms exposed to the mixture were under thermal stress during the early
part of the study, which may have impaired their ability to tolerate the
test chemicals. Supporting evidence for either genetic differences or the
effect of stress in the mixture experiment can be obtained by looking at
the survival data for the control groups. Survival time of controls
averaged 30 days in the tests on the individual chemicals and only 20 days
in the test on the mixture. This implies fundamental differences between
the two test series and suggests that caution should be exercised when

comparing the results.

Data on water quality and chemical analysis for these studies are

appended.



DISCUSSICN

The results of the chronic tests on individual chemicals indicate
that the "no-effect” level lies between 3.2 and 6.2 pg/L for thiobencarbd
and between 25.6 and 45.2 ug/L for mol.nate. In both cases, the mean

survival time was the most sensitive 23rameter tested.

To place the results of these studies in context with envirommetnal
exposures, it is appropriate to conuider the actual levels of these chem-
icals in the enviromment. Accordinz to data at the State Water Resources
Control Board (Dr. Jeohn Cornacchis, personal communication), levels of
thiobencarb and molinate reached @ and 13 ug/L, respectively, in the upper
Sacramento-San Joaquin Delta over a 2- to 3-week period in 1985. For
thiobencarb, this value is belw the no-effect level of 3.2 pg/L by a
factor of 1.6 and below the lcuest effective concentration of 6.2 ug/L by
a factor of 3.2. The environmentél concentration of meolinate {13 ug/L)
was less than the no-effect lavel of 25.6 ug/L by a factor of 2 and below
the lowest effective concentration (45.2 ug/L) by a factor of 3.5 Thus,
it is apparent that environmental concentrations reach levels cnly a
factor of 2 to 3 less than that which cause effects under laboratory con-
ditions. Whether this might be én adequate margin of safety depends on a
number of variables. First, the relatively short exposure time of 2 to 3
weeks in the Delta suggests that these chemicals are not present at high
enough concentrations long enough to pose a chronic toxicity hazard.
However, there is some uncertainty associated with the no-effect lavels
derived in this study because the studies do not address any effectis on
reproduction in the F, éeneration——a potentially important factor. 1In
addition, the effects of stress on toxicity and the synergistic effect
when the two chemicals are present together should also be considered,

based on the results from the exposure to the mixture.



If we are conservative and assume that the theoretical lowest
effective concentrations for the two chemicals individually are the
geometric means of their respective "effect-no effect” concentrations,
we obtain values of 4.45 ug/L and 34.0 ug/L for thiobencarb and molinate,
respectively. Each of these values can be assigned a Toxic Unit value
(TU) of 1, indicating that these are the lowest "unit of toxicity" that
will result in chronic effects to neomysids under our test conditions.
Since the interactive toxicity appears to be additive in nature, we can
then look at the levels of the individual chemicals in the lowest con-
centration of the mixture (see Table A-1 in the appendix) to see if we
would expect to find any toxicity. The concentration of thiobencarb was
4,91 pg/L (& TU of 1.10) and the concentration of molinate was 12.3 ug/L
(a2 TU of 0.4), for a tectal TU of 1.5. Since this value exceeds 1, we
would expect the lowest concentration of the mixture to have had a mea-
surable effect even in the absence of thermal stress. By applying the
same analysis to the environmental levels of thiobencarb and molinate,
we calculate a TU of 0.45 + 0.38 = 0.83. This is very close to a value
of 1, which suggests that only a minimal safety factor exists when the

two chemicals are present together.

16
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Table A-1

MEASURED CHEMICAL CONCENTRATIONS ASSOCIATED

WITH CHRONIZ STUDIES ON RICE HERBICIDES WITH NECOMYSIS MERCEDIS

Treatment

Chemical Level
Thiobencard 0
alone 1
2
3
4
5
Molinate 0
alone 1
2
3
_!_l
5
Thiobenearb 0
in mixture 1
2
3
4
5
Molinate 0
in mixture i
2
3
4
5

X S.D.
0.0 0.0
3.2 0.28
6.2 0.66
12.8 1.01
23.5 2.30
53. k4 5.84
0.0 0.0
151 1.48
21,6 2.53
13,2 8.06
33.6 15.89
1737 36.41
0.0 0.0
4.9 0.46
7.8C 0.52
16.12 1.05
35.51 1.93
61.53 0.68
0.0 0.0
12.27 1.60
27.02 4,80
50.20 7.39
107.37 8.00
206.52 35.65

W o oW =

-1 Qo Co

Oy Co o UV o -1 Co On

Ul Oy o co i Co

Range

2.72 3.53

5.09 6.79
11.19 13.99
21.23 25.83
45.87 63.32
13.38 17.20
22.15 28.81
36.30 58.47
72.08  109.86
140.26 229.76

4.38 5.63

7.1 8.50
13.79 17.29
31.73 37.10
60.63 62.04
10.36 14,44
20.59 33.12
39.40 57.84
99.53 120.13
164.02 237.30
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Introduction

Acute teoxicity studies were performed c¢n rice field herbicides thio-
bencarb and molinate using white sturgecn 235 the test organism. Exposure
periods of 96 nr and 21-22 days were uced to determine the sturgeon's
tolerance to short- and intermediate-term exposures. In addition, a
22-day study was performed on a mixture of the two chemicals to determine
the extent of any toxic interactions. All tests were performed under
continuous—flow conditicns. Testin; was initiated on 24 April 1985

and completed on 28 August 1985.

Copies of this Final Repcort 'nd the laboratory notebook containing
the raw data for this study will be retained in Building 253, Room C-2,
for cone year from the date of tle Final Report. Thereafter, thése mate-
rials will be stored in SRI's Rzcords Center.

The Study Director on ti.is project was Howard C. Bailey. He was

assisted by Paul A. Haskins, Kevin Joe, Jesse Martin, and Anne Tait,

ticlogical techniclan

0

Materials and Methods

Test Chemicals

Thiobencarb and mclinate were supplied to SRI via arrangement with
the Sponsor. Both materials were specified as Technical Grade, but SRI
did not verify their purities, The samples were stored at room tempera-

ture in a hood in covered containers.

Test Organisms

White sturgeon used in the 96~hr acute studies were obtained from the
University of California, Davis, as 5-day-old fry. These fish were placed
on test at 28 days of age after a 23-day acclimation period. Sturgeon
used in the time-independent studies were obtained frpm excess stocks held
by Dr. J. Miller of Stauffer Chemical Company. These fish were 75 days
old and were placed on test after a two-day acclimation period. During
acclimation, fish were held in the diluent water at the test temperature

under flow-through conditions. They were fed a combination of Bio-diet,



live tubefex worms, and frozen brine shrimp several {imes daily. All fish
used in the tests appeared to be healthy and were feeding well. Fish used
in the 96-hr bioassays averaged 3.7 em in length {range of 3.1-4.8 ecm) and
0.71 g in weight (range of 0.63-0.80 g). Fish used in the time-
independent studies averaged 8.1 cm in length (range of 6.5-10 cm) and

weighed 2.713 g (range of 1.0-3.6 g).

Diluent Water

Dechlorinated tap water, a soft water that criginates in Hetch Hetchy
Reservoir in the Sierra Nevada, was used as the diluent water. SRI has
cultured a variety of fish and invertebrates in this water and has always
found it to be of excellent quality. The composition of the water is
presented in Table 1. Hardness and alkalinity of the diluent water was
32 and 34 mg/L (as CaC0,) in the 96-hr studies and 22 and 23 mg/L, respec-

tively, in the time-independent studies.

Test Procedures

Stock solutions were prepared by injecting appropriate volumes of the
test chemicals into 3.5 L of diluent water contained in 4-L amber glass
octtles while mixing rapidy on a magnetic stirring plate. Nominal stock
concentrations were 30 mg/L for thiobencarb and 300 mg/L for molinate.

All bottles were mixed for at least 24 hr prior to use, and actuzl con-
centrations were determined analytically before dilutions were prepared.
Concentrations used in the 96-hr tests were selected on the basis of pre-
liminary range-finding tests. Concentrations used in the time-independent

tests were selected on the basis of the results of the 96-hr exposures.

Test concentrations were prepared by mixing the appropriate amount
of stock solution and diluent water in 19-L glass Mariotte bottles. Each
Mariotte bottle delivered test solution to two repiicate exposure vessels
for each concentration. Crystallizing dishes (190 x 100 mm) were used for
the 96-hr tests and 19-L aquaria were used for the time-independent tests.
Flows were set to provide a minimum of two vessel volumes of solution per

day.



Table 1

MINERAL CONTENT AND PHYSICAL PF.OPERTIES OF WATER
FROM CYSTAL SPRINGS AESERVOIR
{Courtesy of the San Francisco Water Department)

Cations (ppm)

"NE

Aluminum 0.05
Arsenic < 0.01
Barium < 0.25
Boron 0.07
Cadmium < 0.002
Calcium 11.6
Chromium < 0.005
Copper 0.01
Iron 0.09
Lead < 0.02
Magnesium 4o
Manganese < 0.005
Mercury < 0.0005
Potassium 0.8
Selenium < 0.0025
Silver < 0.005
Sodium 6.3
Zine 0.01
Anions (ppm)
Bicarbonate 45.5
Carbonate 0.0
Chloride 11.1
Fluoride 0.09
Hydroxide 0.0
Nitrate 0.2
Nitrite < 0.003
Phosphate < 0.01
Sulfate 9.4
Nonicnies (ppm)
Total Apparent ABS < C.05
Free Ammonia (NH,) < 0.05
Dissolved Oxygen (0,) 8.7
Silica (Si0,) 6.0
Derived Values (ppm)
Hardness as CaCO, 6.1
Alkalinity as CaCoO, _ 37.3
Total Residual @ 103°C-105°C 77
Physical Measurements :
Conductivity (umhos) 136
pH 7.6
Turbidity (units) 1.5
Colors (units) 0



Tne tests were initiated by removing sturgeon fry from the acclima-
tion tanks and distributing them, two or hree at a time, using stratifiec
random assortment, to the test containers. Each container received ten
fry. They were observed daily, and any dead f{ish were counted and
removed. Fish were also fed daily and uneaten food and waste materials
were siphoned out tefore adding the fresh food. Test temperatures were
nominally 15 to 16°C in the 96-~hr tests and 18 to 19°C in the ti4-day
tests. These temperatures were determined by the temperatures at which
the fry were being held before SRI acquired them. A 16 hr light:8 hr

dark photoperiod was used in all tests.

One problem occurred in the time-independent study on thiobencarb in
that none of the fish died during the first 10 days of exposure. Analysis
of the test solution at the highest concentration indicated that the level
of thiobencarb was lower, by a factor of four, than the concentration that
resulted in acute effects in the 96-hr exposure. This was verified by
subsequent analyses. Consequently, on Day 16 we increased the toxicant
delivery flows in the two lowest concentrations fo bring these concentra-
tions up to levels that would be likely to produce effects. This did not
result in the loss of any information because no dose-related deaths
occurred in any of the %test aquaria throughout the first 16 days of expo-
sure, s$o there were still three concentrations with no apparent effects on
survival or behavior after 16 days of exposure. The test was continued
for a total of 37 days, which correspondes to 21 days of exposure to the

modified dose regimen.

Water Quality Measurements

In the 96-hr studies, temperature and dissolved oxygen were measured
daily in each treatment group, alternating between replicates. pH and
conductivity were determined at the beginning and end of the exposure
period. In time-independent studies, water-quality parameters were mea-
sured twice weekly. Instruments used were manufactured by Yellow Springs
Instrument Co. (D.0. and conductivity), Orion (pH), and Scientific

Products (temperature).



Chemical Analysis

Samples were taken from the test solutions at 24, 48, and 96 hr
for the 96-hr study and twice weekly f:r the time~independent studies.
Samples were placed in amber bottles w.th Teflon-1ined caps and refrig-

erated until extraction and analysis. The analytical procedures follow.

For thicbencarb an aliquot of =ample, ranging in volume from 100
to 750 ml, was decanted into a sepe.cateory funnel of appropriate size
and extracted with two portions o! dichloromethane (DCM). The volume
of DCM depended on the volume of sample used. We found that a 1:8 ratio
(DCM:sample) worked best. For e:ample, if 400 ml of sample was to be
extracted, then two 50-ml porti.ns of DMB were used. A 1.0-ml portion
of isooctane (2,2,4-trimethylpentane) was added to the combined extracts

-~

as & kKeeper. This sclution 'as concentrated to a volume of approximately

(9]

ml, using a rotary evaporaior at a bath temperature not to exceed 35¢°C.
Tnis concentrated extract wa. transferred £o an 8-ml test tube; the rotary
evaperation flask was rinser twice with DCM to bring the volume to
approximately 8 ml. This solution was further concentrated, under
nltrogen gas, to & final velume of 1.0 ml. Enough internal standard,
3-amino-2,4-DNT (in DCM), was added so that "mg ¢n column" values for

3-aminc-2,4-DNT and thiobencarb were roughly equivalent.

For molinate a 200-ml portion of sample was decanted into a 250-ml
separatory funnel and extracted twice with 25-ml portiors of DCM. The

extracts were pooled and an appropriate amount of 3-amino-2,4-DNT was

added as internal standardg.

All samples were analyzed using gas chromatography (Varian Model
3700) with TSD detection (nitrogen-phosphorus specific). An HP3390
integrator was used along with a Supercoport SP2250, 100/120, column.
Injection volumes ranged from 1 to 5 ul at 205°C isothermal. Gas Tlow

rates were: air, 175 ml/min; H,, 30 ml/min; and N,, 30 ml/min.



Statistical Analysis

Determination of LC50. 7To estimate the median lethal concentration

(LC50), we used a computerized program developed at SRI, which is composed
of several statistical methods for estimating LC50s. For this project, we
used estimates derived from the binomial method when there were no partial
responses and estimates from the probit method when there were partial

responses.

The binomial method is valid regardless of the form of the underlying
tolerance distributicn and therefore gives statistically valid, but con-
servative, confidence intervals in all cases. It is the only appropriate
method when a data set contains no partial responses. The method is a
two-step process. 1In the first step, at each concentration level with an
cbserved mortality of 50% or more, a significance level is computed for
the hypothesis that the true mortality at that concentration is 50% or
less, using only the observations at that concentration. In the second
step, at each concentration level with an observed mortality of less than
50%, a significance level is computed for the hypothesis that the true
mortality at that concentration is 50% or more., An estimate of the LC50
is derived as the geometric average of the adjacent concentrations with
0 and 100% mortality. The 95% confidence interval for the LC50 is the
shortest interval (with limits at the concentrations or at plus or minus
infinity) such that at the upper confidence 1limit and all higher concen-
trations, 50% or mecre of the animals have died and the significance level
is 0.025 or less, and at the lower confidence limit and all lower concen-
trations, less than 50% of the animals have died and the significance

ievel 1s 0.025 or less.

The probit method is a parametric technique taat depends on the
assumption that the tolerance of the organisms to the test material
follows a normal distribution. The Eomputer routine performs the probit
analysis twice--once for the concentration levels eXpressed in linear
units and once for the concentrations expressed in logarithmic units. In
either case, Berkson's adjustment (one-half of a response at the highest

concentration with no response and one-half of a nonresponse at the lowest



concentration with 100% reéponse) is used when there is only one partial

response.

The LC50 estimate is the maximum likelihood estimate for the mean of
the tolerance distribution. The "unad’usted" confidence interval for the
LC50 is derived by inverting the like._.hood ratio test for determining
whether any specified concentration .s the LC50. A chi-square test is
used to determine how well the estim:ted tolerance distribution fits the
data (which are also plotted). In “his test, adjacent concentration
levels are collapsed until the exrected responses {(mortality and survival)
are everywhere greater than 2.0. Finally, if the probability of poor fit
is 0.75 or greater, a heterogene’ty factor is derived from the chi-square
test and the confidence interva. is adjusted outward using the

heterogeneity factor.

" Contribution of the comnonents of the mixture to the total toxicity.

To determine whether the toxicity of the mixture of herbicides was more cor
less than the sum of the tox.cities of the individual components, we used
a modified version of a met.od developed by Marking and Dawson.' These
authors calculated the sum {S) of the conributions of two compounds (A and

B) to the toxicity of a mixture of the two compounds using the equation:

where A; and Bi are the individual LC50s of compounds A and B, and A, and
Bm are the LC50s of the compounds in the mixture. The values A, and Bn
are calculated by multiplying the LC50 of the mixture by the fraction
contributed by each compound to the‘total concentration of both compounds

in the mixture.

Marking, L. L., and V. K. Dawson. 1975. Method for Assessment of
Toxicity or Efficacy of Mixtures of Chemicals. Investigations in
Fish Control Series, Report No. 67, U.S. Department of the Interior,
Fish and Wildlife Service.



To explain the logic of Marking and Dawson's equation, we have

rewritten it as follows:

aLCSOM . bLCSOM
LC5OA LCSOB

where LCSOA, LCSOB, and LCSOM are the experimentally derived estimates of
actue toxicity for compounds A, B, and the mixture (M), respectively, and

a and b are the respective fractions of compounds A and B in the mixture.

If LCSOA, LC50g, and the amount of A and B in M are known, the
theoretical concentrations of M that would kill 50% of the test organisms
(under the assumption that A and B were neither antagonistic nor synergis-
tic) can be calculated. We call that concentration the additive LC50 of M

and dencte it as LCSOM*.

On the basis of acute toxicity tests, each gram of compound B is only
LCSOA/LCSOB as toxic as each gram of compound A. If we assume that the
toxicities of A and B are additive, each gram of the mixture M should be
as toxic as a + b (LCSOA/LCBOB) grams of A. Thus, the additive LC50 of

M is:

LC50,
M a -+ b(LCSOA/LC5OB)

By algebraic manipulation, it can be shown that

= *
S LCSOM/LCSOM

The statistic S fanges from zero to infinity, with a value of 1.0

denoting additivity. Because the range of S is nonsymmetric around 1.0,



Marking and dawson (1975) suggested replacin; S by a corrected sum, which
we will call CS, and which these authors defined as CS = 1/S-1 when S € |

and CS = 1-S when S > 1.

We find little merit in this defirition and redefine CS as CS =
Log S. This transformation symmetrizes the range around zero. A CS value
of zero indicates additivity, a CS vrlue of -1 corresponds to LC SOM =
LCSOM*/WO (or synergism) and a CS ve .ue of +1 corresponds to LCSOM =10
(LCSOM*) (or antagenism). This trarsformation also simplifies the deri-

vation of the confidence interval ‘or (CS.

Marking and Dawscn (1975) derived the 95% confidence interval for CS

by substituting the 95% confidenre intervals for LC50,, LCSOb, and LCSOM

3
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heir eguation for calcula’ ing S. We believe this procedure to be
neuristic because the 95% confi.ence interval for CS (i.e., Log 8) can be
rigorously defined using the procedure descrivbed below. .From the above

equation,

Log S - Log LG50y - Log LC50y,* ,

if the central limit theorem can be invoked (e.g., if Log LCSOM and Log

e

C50y* can be assumed to pe normally distributed), then an approximate 95%

confidence interval for the true corrected sum can be calculated by:
1
Log S + 1.96[ViR(Log LC50y) + VAR(Log LCS5C,*)1%
where VAR denotes variance. The variance of Log LCSOM can be estimated

from the results of the toxicity test on the mixture. The variance for

Log LC50y* can be estimated by the equation:



bLCS0, 2
* = 7
VAR(Log LCSOM ) aL050, + BLCSO, VAR{Log LCSOB)
aLC50, 2
" al.C50,, + bLCS0, VAR (Log LC50,)

Results

Mortality of sturgeon fry exposed to thiobencarb and molinate for 96
hours is summarized in Table 2. On the basis of these data, thiobencarb
appears to be considerably more toxic to white sturgeon fry than
molinate. As a comparisén, the 96-hr LC50 for thiobencarb was less than

that for molinate by a factor of 71.

Table 2

MORTALITY OF WHITE STURGEON FRY EXPOSED
TO RICE FIELD HERBICIDES FOR 96 HQURS

Concentration Number Dead (n = 10)
Chemical (mg/L) 24 Hr 48 Hr 72 Hr 96 Hr
Thicbencarb =~ Control 0 0 0 0 0
0.19 0 0 1 1
0.27 0 2 L 4
0.35 1 7 10 10
0.56 3 10 10 10
1.5 10 10 10 i0
LC50 (mg/L) 0.64 0.32 0.26
95% Conf. Limits (0.51-0.89) (0.28-0.36) (0.23-0.30)
Molinate - Control 0 0 0 0 0
1.17 0 0 0 0
2.13 0 0 0 0
7.1 0 0 0 0
12.49 1 2 2 2
23.13 0 3 7 7
LC50 > 23.13 > 23.13 18.37
95% Conf. Limits "(14.44-26.85)

10



The mortality of sturgeon fry exposed to thiobencarb, molinate, and
a mixture of the two chemicals in time-independent bicassays is shown in
Table 3. After 27 to 22 days of expos.re, the incipient LC50 for thio-
bencarb was greater than the LC50 for rolinate by a factor of 12. This
result is in general agreement with _he results of the 96-hour bioassays,

which alsc indicated that thicbencar’s was more toxic than molinate.

1



Table 3
CUMULATIVE MORTALITY OF WHITE STURGECON FRY EXPOSED
TO THIOBENCARB, MOLINATE, AND MIXTURE OF THE TWO
IN A TIME-INDEPENDENT BIOASSAY

Number Dead (n = 20)

Treatment Level Day 4 Day 7 Day 14 Final?
Thiobencarb - Control 0 0 G 0
3.38 ug/L 0 0 0 --b
6.34 0 0 1 --b
14.53 0 ¢ 0 0
22.94 0 0 1 1
4g8.75 0 0 0 0
107.90 0 0 0 0
217.19 0 0 0 10°
LC50 (ug/L) > 217.19 > 217.19 > 217.19 221 .1
95% Confidence Interval {(185.5-287.0)
Molinate - Control 0 0 0 1
0.69 mg/L 0 0 3 5
1.22 0 0 1 2
2.28 0 0 L 11
3.89 0 0 11 12
6.43 2 2 18 20
LC50 (mg/L) > 6.43 > 6.43 3.76 2.69
95% confidence Interval (3.12-4,55) (2.70-3.34)
Mixture - Control ¢ 0 0 0
C.71" mg/L 0 0 0 5
1.25 0 0 2 y
2.22 2 2 3 5
3.62 0 0 7 9
6.69 0 3 19 19
LC50 (mg/L) > 6.69 > 6.69 4.05 3.38
95% Confidence Interval (3.46-4.80) (2.67-4.30)

@21 Days for thiobencarb, 22 days for molinate and the mixture.

bThese two concentrations were increased to 107.90 and 217.19 ug/L, as
discussed in the text.

Cn =19,

12



The pattern of mortality in the test or the mixture was very similar
to that seen in the test on molinate alcne. This suggests that toxicity
is not enhanced appreciably by the preserce of thiobencarb. This is sup-
ported by calculating the additivity irdex for the joint effects of the
two chemicals. That calculation results in an index of 0.13 with upper
and lower 95% confidence bounds of C 269 and -0.000G, respectively. The
interactive toxicity index suggests that these two chemicals are slightly
antagonistic in action; however, tie effect i3 small, and because the
confidence interval overlaps zero, we conclude that, for all practical

purposes, the toxicity of the twe chemicals is additive.

The water quality and anal tical data for the above biocassays is

appended.

Discussion

Both molinate and thiobr.ncarb showed appreciable toxicity to white
sturgeon fry. Thiobencarb '.as more toxic than molinate in both the 96-hr
(over 70 times) and time-independent studies (over 12 times). However,
molinate appeared to have a greater propensity for cumulative toxicity.
As evidenced by the pattern of mortality in the time-independent study,
in which the number of deaﬁhs increased over time at all concentrations.
In contrast with the tests on thiobencarb, in which the LC50 obtained
after 21 days of exposure was very similar to that obtained after 4 days
of exposure (0.22 and 0.26 mg/L, respectively), the 22-day LC50 for
molinate was approximately six times less than the h-day LC50 (2.69 and
18.37 mg/L, respectively). Furthermore, approximately 25% mortality
occurred at the lowest concentration of molinate tested, 0.69 mg, whereas
no effects were discerned on fry exposed to thiobencarb concentrations of

0.171 mg/L and less.

The pattern of mortality in the joint toxicity study was very similar

to the results in the concurrent study on molinate. Although the number

13



of deaths at a given treatment level were not as great as at the corres-
ponding treatment level of molinate, the same indication of cumulative

effects at the lower doses was apparent.

To place the results of these studies in context with environmental
exposures, the actual levels of molinate and thiobencarb in the environ-
ment must be considered. According to data at the state Water Resources
Control Board {(Dr. John Cornacchia, personal communication), levels of
thiobencarb and molinate reached 2 and 13 ug/L, respectively, in the upper
Sacramento-San Joaquin Delta over a 2- to 3-week periocd in 1685. For
thiobencarb, this value is below the incipient LC50 by a factor of about
100. It is also below by a factor of 50, a level that resulted in no
mortality over a 21-day period. Thus, in the absence of additional
stresses, this concentration ( 2 ug/L) might be expected not to produce

acute effects on the fish population.

Environmental concentrations of molinate (13 ug/L) were below the
incipient LC50 by a factor of about 200 and below the level that caused
25% mortality by a factor of about 50. Because we did not test concen-
trations below that which caused 25% mortality, it is difficult to assess
the likely level of effect at 13 ug/L, but it appears that this concen-
tration would not be expected to cause more than minimal acute effects.
Qur reasoning is based on the fact that the observed field concentrations
{0.013 mg/L) occur only over a three-week period, which is similar to the
22-day exposure period that resulted in 25% mortality at 0.69 mg/L. Thus,
it can be inferred that a concentration 50 times less than 0.69 mg/L would

probably have significantly less effect over the same time period.

Considering the results of these studies and the concentrations of
thiobencarb and molinate seen in the Delta, it appears that neither of
these chemicals poses an acute toxicity hazard to white sturgeon fry.

This is especially true when these chemicals are present in the environ-
ment for only a relatively short time. However, these results are limited
to fry more than 25 days old; at earlier life stages they could exhibit
greater sensitivity, which can be evaluated only by embryolarval

exposures.,
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APPENDIX

WATER QUALITY AND ANALYTICAL DATA



Table A-1

WATER QUALITY DATA FOR THE 96-HR BIOASSAYS ON MOLINATE AND THIOBENCARB

Range

Conductivity (pmhos)
S.D.

Range

pH

S.D.

Range

S.D.

Dissolved Oxygen (mg/L)

Range

Temperature (°C)
S.D.

Treatment Level

Thiobencarb

2
2
2

70-105
7095
T0-95

25
18

88

5
5
5
4

7.0-8.2
6.7-8.5
6.6-8.6
7.6-8.6
7.6-8.6
7.5-8.5

0.6
0.7
0.7
0.4

7.5

5
5
5
Yy

.1-9.8
8.5-9.9
8.0-9.9
8.4-9.9
8.9-9.9

0.3

5
5

15.0-16.5
15,5-16.5
15.5-16.5
15.5-16.5
16.0~16.5
16.0-16.5

15.7 0.6

Control

83

7.6
7.6
8.0

0.6
0.7

15.9 0.4

18

8.8
9.0

5
L
]
M

16.0 0.4

105

0.6
0.5
0.6

16.0 0.4
16.1

<o

130

1

3
2

0.5
0.7

3
2

9.3
9.5

0.3

15

8.0

.1-9.9

0.3

16.1

Molinate

2
2
2

4 100 42 70-130
18 70-95
2

y
[

6.2-8.5

6.8-8.6
6.8-8.6
6.7-8.6
6.7-8.6
6.7-8.6

1.0

0.7
0.8

5 7.5

7.6-9.8
7.8-9.9
7.8-9.9
7.8-9.9

0.8

5

16.0-17.5

16.8 0.6

Control

75-120
70-120
70-85

83
98

7.7
7.8
7.7
7.8
7.9

5
5
5
5
5

0.8
0.8
0.8
0.7
0.7

8
8.7

5
5
5
5
5

16.0-17.5
16.0-17.5

16.8 0.6
16.8 0.6

16

35 2

y
4
[l

0.8
0.8

8.6
8.7

16.0-17.5
16.0-17.5
16.0-17.0

16.8 0.6

2
2

1

28

7.9-9.9
8.0-9.9

16,8 0.6

70-110

0.8

16.7 0.4



Table A-2

 CHEMICAL CONCENTRAT .ONS ASSCCIATED
. BEICASSAYS ON THICSENCARE AND MOLINAT

Measurcg Concentration {mg/L)

% S.D. Range
Thinpencarh

0 0 0 --

1 0.19 0.006 0.18~0.19
z 0.27 0.026 0.24-0.29
3 0.3% 0.012 C.34-0.36
& C.5. 0.028 0.54-0.5¢&
5 1.55 -- -

Molinate

o Z 0 -

K A C.C38 TLth-tL 2
2 2.13 0.07C 2.05-2.78
3 7.11 0.059 7.04-7.178
4 1z2.4¢ 0.327 12.21-12.85
5 22.'3 0.0Lg 22.08-22.17
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ACTUAL CONCENTRATIONS ASSOCIATED WI"H TIME-INDEPENDEN
ON THIOBENCARB, MOLINATE, AND 4 MIXTURE OF THE TWO CHEMICALS

Chemical

Thiobencard (pg/L)
{alone)

Molinate (mg/L)
(alone)

Thiobencarb (ug/L}
(in mixture)

Molinate (mg/L)
{(in mixture;

Table A-4

UDIES

Measured Concentrations

19

Treatment _

Level X 3D
0 .00 0.00
7 3.38 0.37
2 6.34 0.90
2 14.53 1.4
4 22.94 2.21
5 49.75 5.38
6 107.90 11,43
7 217.19 25.98
8] 0.00 0.00
1 0.639 0.04
2 1.22 0.03
3 2.28 C.10
4 3.89 0.13
s 6.43 0.25
C 0.00 0.00
! 3.52 0.27
2. 7.10 0.74
3 13.15 1.87
4 24,99 3.28
5 46.38 4.50
o] 0.00 0.00
1 0.71 0.01
2 1.24 0.03
3 2.21 0.06
4 3.60 0.04
5 6.64 0.27
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Summary

Acute and chronic toxicity tests ware conducted with striped
bass larvae and Jjuveniles from Sacrame-.to-San Joaquin stocks, to
determine concentrations of coppar and cadmium which adversely
affect early survival, growth, and development. All tests were
performed with background water juality conditions approximating
those in striped bass nursery habitats of the San Francisco Bay-
Delta Estuary.

The acute toxicity of coprzr and cadmium varied with the age
and stock of fish tested. LC5(C estimates for 96-hour tests with
copper ranged from 36 (g/l1 for 3-day-old larvae to 463 pg/l for
8-day-old fish. Cadmium LCEJ estimates ranged from € g/l for
larvae to 1,010 #g/l for Juveniles. Acute toxicity of both
metals to larvae decreared during the first 11 days after
hatching and then increassed through day 20 post-hatch. The
behavioral response of larvae +to lethal metal exposure was =a
progressive decline in activity leading to terminal
immcebilization.

Striped bass larval survival was significantly reduced at 50
Fg/l after 15 and 30 days exposure to copper in chronic toxicity
testing. Mortality during these periods was proportional to
copper concentration. However, a large fraction of the eprsed
fish were larvae which failed +to inflate +the swim bladder.
Mortality of uninflated fish after day 30 in treated and control
test chambers masked the effects of copper exposure on larval
survival. Copper concentrations of 3-50 Mg/l had no significant
effect on the growth of treated larvae. Juvenile striped bass
survival was significantly reduced at 100 pg Cut+/1 after 15 days
in a second chronic test with copper. Mortality thereafter was
negligible, in